Introduction
In 1913 Wood-Jones described a bilateral fracture-dislocation of the axis that separated the posterior arch from the vertebral body. 1 The term hangman's fracture was first used in atypical hangman's fractures have been more recently defined as a fracture of the pars interarticularis on one side of the neural arch plus another fractured component, either the posterior cortex of the C2 body or the posterior elements of the neural arch, on the other side. Hangman's fractures are one of the most frequent types of high cervical spine injury, accounting for 20 to 22% of all axis fractures. 4, 5, 9 This injury results from cervical hyperextension and axial loading most commonly occurring during road traffic accidents (RTAs) and falls.
2,3,5,10
Management guidelines in the literature are based on level III evidence. A recent review concluded that external immobilization is recommended as the initial management of traumatic spondylolisthesis, with surgical stabilization and fusion reserved for cases of severe angulation of C2 on C3, disruption of the C2-C3 disk space, and/or inability to achieve or maintain fracture alignment with external immobilization. 11 Most authors suggest nonoperative management for stable fracture types.
3,5,12-14
There is a paucity of literature looking directly at atypical hangman's fractures. Only three case series have recorded the fracture type as a distinct subtype of hangman's fracture. 6, 8, 15 Other authors acknowledge this fracture type but classify it within a broader context of miscellaneous axis fractures or axis body fractures.
12,16

Materials and Methods
The study was conducted in an adult neurosurgical regional tertiary referral center in the United Kingdom with a catchment population of 3.5 million (The Walton Centre, Liverpool) between 2007 and 2013. A prospectively collected clinical database of 105 patient records coded as "axis fractures" was used to identify patients. We reviewed all the radiologic records. Inclusion criteria were all patients with hangman's fractures; there were no exclusion criteria. The study was evaluated and approved by an internal review board.
The clinical notes were retrospectively reviewed for information on the mechanism of injury, associated injury, comorbidities, presentation, management, and follow-up in terms of the clinical and radiologic outcomes. The clinical outcomes included management complications, pain scores, and reported neck stiffness. The radiologic outcomes were independently reviewed by a neuroradiologist; bony union was assessed on follow-up computed tomography (CT) or plain radiographs.
Fractures were reviewed and classified by an independent radiologist. The modified Effendi and Francis classification for hangman's fractures was applied (►Table 1), and displacement and angulation of the C2 body on the first cervical spine CT recorded. All patients had follow-up imaging (cervical CT or lateral radiographs), which were used to assess bony union, final displacement, and angulation. Atypical hangman's fractures patterns include a coronally orientated fracture line through the body of C2 and oblique fractures through one side of the C2 body with contralateral fracture of posterior elements of the axis ring (either the pars or the lamina). The criteria for union was obliteration of the fracture line with cortical continuity or bridging of fracture by callus, trabeculae, or bone.
Statistical analysis was performed using the Fisher exact (two-tailed) test, with significance set at p < 0.05.
12,13
Results
Clinicopathologic Characteristics and Mechanism of Injury
Forty-one (18 male and 23 female) patients with a mean age of 59 years were included. The most common mechanism of injury was falls, accounting for 23 (56%) injuries. RTAs were also common, causing 14 (34%) injuries. The incidence of falls and RTAs was similar for both typical and atypical fractures.
Associated injuries (►Table 2) were reported in 21 (51%) cases. Fifteen patients (37%) had an associated spinal fracture, Of the atypical fractures, 12 fractures (43% of the atypical fractures in the series) involved the C2 body on one side and a fracture of the contralateral posterior element. In these cases, the fracture pattern was through one side of the vertebral body obliquely and another fracture through either the pars (n ¼ 10) or lamina (n ¼ 2). The remaining 16 (57% of the atypical group) atypical fractures showed a coronally orientated fracture through the body of C2 anterior to the pars interarticularis, which sometimes left the ring of the axis intact. The possible fracture patterns and nomenclature are illustrated in ►Table 3.
Management
Six patients with typical fractures were managed by immobilization in a halo and 5 with hard cervical collars. Twenty-one patients with atypical fractures were managed with halos and 6 with collars. Two patients developed pin site infections while in a halo and required a change of management to a collar for the remainder of treatment (►Table 4).
Halo immobilization was used more frequently than collars to treat both type 1 and type 2 fracture types. Collars were used if a patient was elderly or deemed unable to tolerate a halo or if collar use was the surgeon's preferred management strategy. The mean age of patients treated with a collar was 67.6 (range 33 to 85). The mean age of patients managed with halos was 54.9 (range 19 to 76).
Thirteen patients (62% of type 1 fractures) with type 1 fractures were managed with halo immobilization, 6 (28.6% of type 1 fractures) were managed with collars, and 1 (4.8% of type 1 fractures) required surgery. Twelve (71%) type 2 fractures were managed in halos and 5 (29%) in collars. One type 2a fracture was managed in a halo and 2 (66%) required surgery (►Table 4).
The mean duration of management using a halo was 117.5 days (range 70 to 186). The mean duration of management using a cervical collar was 124.1 days (range 84 to 170).
Three patients underwent surgical fixation. The first patient had an asymmetrical atypical hangman's fracture (vertebral body and pars type 2a). On initial CT scan, the fracture was a Levine type 1. The subject was initially treated with a halo; follow-up imaging showed a progressive C2-C3 subluxation. A C1-C3 posterior fixation was performed 8 days after the initial presentation. The remaining 2 patients had surgery due to associated cervical fractures. One patient had a typical hangman's fracture with a burst fracture of the body of C3 with retropulsion. She was managed nonoperatively in a halo. Follow-up imaging at 3 months revealed nonunion at C3, and the patient underwent a C2-C4 posterior fixation. The final patient had a typical hangman's fracture with a comminuted C2 body fracture including an anteriorly displaced teardrop fragment. He was initially managed in a halo. At 3 months, there were no signs of fusion of the C2 body fracture, and he therefore underwent a C1-C3 posterior fixation.
Outcomes
The mean duration of follow-up was 9.4 months (range 3 to 25 months).
There were 5 (18%) cases of infection occurring at the pin sites, which led to the discontinuation of halo management in 2 cases. The management strategy was changed to collars in these patients.
Pain was assessed according to the visual analog scale at last follow-up. Five patients in total (12.2% of all hangman's fractures) were still experiencing moderate to severe pain at that time. Pain and stiffness were more common with atypical fractures, but this finding did not reach statistical significance, with 4 in the atypical group (14% of atypical fractures) reporting moderate or severe pain compared with 1 patient in the typical group (p > 0.999). Stiffness was reported in 11 patients with atypical fractures (39% of all atypical fractures) compared with 4 in the typical group (31% of all typical fractures; p ¼ 0.734).
All fractures in our series apart from the three patients who underwent surgical fixation discussed previously had documented bony union on follow-up CT or plain radiographs, which were typically performed at 4 to 6 weeks, after removal of the halo or collar and at final follow-up. The criteria for union were obliteration of the fracture line with cortical continuity or bridging of fracture by callus, trabeculae, or bone.
Fracture union rates in grade I and II hangman's fractures were not significantly different between halo immobilization and collars (p > 0.999).
Five patients (12%) had focal neurologic signs on admission. Four of these patients recovered completely. The remaining patient was left with a permanent left-sided Management of Typical and Atypical Hangman's Fractures Al-Mahfoudh et al. 251
hemiparesis, which was likely the result of a second cervical spine injury (an unstable and retropulsed comminuted C3 fracture). Three patients underwent surgical fixation following management with a halo, 1 for developing a progressive listhesis of C2-C3 and 2 for nonunion of associated cervical fractures. Bony union was otherwise achieved in all patients managed nonoperatively.
Discussion
This retrospective analysis aimed at analyzing the patterns of hangman's fractures and auditing our treatment methods. We sought to establish whether treatment failures were more likely with cervical collars compared with halo immobilization.
Mechanism of Injury and Presentation
Hangman's fractures are usually caused by RTAs, falls, and occasionally diving or athletic accidents.
2 A blow to the face results in hyperextension with axial loading of the cervical spine, leading to the anterior ligaments becoming stretched as well as compression of the posterior aspect of the bony facets. This force results in fracture of the pars interarticularis and separation of the body from the neural arch. 2,3,12,13 A variety of mechanisms for the production of coronally orientated C2 body fractures were described by Benzel including extension or hyperextension with axial load, flexion with axial load, and flexion with distraction.
16
In other series, RTAs are the commonest cause, accounting for 50 to 79% of injuries.
6,12-15 Falls were the main mechanism of hangman's fractures (both typical and atypical), accounting for 56% of injuries, whereas RTAs accounted for 33%.
The mean age of patients in this study (59 years) was higher than reported by other authors (31.2 to 40 years), 3, 5, 6, [13] [14] [15] [16] which may explain the higher incidence of falls as the mechanism of injury. The associated injuries seen were similar to those reported in other studies. Trauma to the head and face was reported in 11 to 79% of patients, which compares with 19% in this study.
3,12,14
Secondary cervical fractures in association with hangman's fractures are reported in the literature to range between 8 and 32% with odontoid fractures described in 5 to 6%. 3, 13 In our series secondary cervical fractures were seen in 14 patients (34%), and 7 (17%) of these were odontoid peg fractures. Fractures of the thoracic and lumbar spine are less frequent than associated cervical spine injuries, occurring in 0 to 11% of patients in other case series and in 2% in this study.
3,12,13,17
In our series, 5 patients (12%) had focal neurologic signs on admission. Four of these patients recovered completely. The 1 patient (3%) who did not recover completely had a burst fracture of C3 with a retropulsed fragment and intramedullary signal change, in addition to a bilateral C2 pars fracture. These rates of neurologic deficit are similar to those observed by others. The quoted incidence of neurologic signs on admission is 3 to 13% and a permanent deficit occurs in 0 to 5% of patients. 3, 12, 14, 18 This low incidence of neurologic deficit occurs due to the body of the axis moving forward and enlarging the spinal canal and intervertebral foramen.
14,15
Atypical fractures may compress the spinal cord against the posterior cortex of the C2 body, causing a higher rate of neurologic deficit. 15 In our series, 3 of the 4 patients with associated neurologic deficits at presentation had atypical fractures.
Radiology
The classical radiologic appearance of a true hangman's fracture is a bilateral fracture of the pars interarticularis (isthmus) with or without forward listhesis of the C2 body. In modern use, the term has come to include alternatives to the classic fracture pattern. Due to the rotational component associated with this type of extension injury, bilateral fractures of the pars are rarely symmetrical.
12
Our preferred terminology is typical and atypical hangman's fracture. Atypical hangman's fracture patterns include a coronally orientated fracture line through the body of C2 and oblique fractures through one side of the C2 body with contralateral fracture of posterior elements of the axis ring (either the pars or the lamina). Our recommended fracture nomenclature can be seen in ►Table 3. 
Halo (6) Collar (5) Surgery (2) 28
Halo (21) Collar (6) Surgery (1) Halo (27) Collar (11) Surgery (3) Global Spine Journal Vol. Several grading systems have been proposed previously; the most widely accepted is the Effendi (modified by Levine) classification. In our view, this system is also applicable to atypical hangman's fractures.
12,13
The distribution of Effendi fracture type varies between studies (►Table 5). Our high incidence of atypical fractures (68%) compared with other studies (18 to 54%) 6, 8, 15 may be due to the use of CT imaging, which gives a more detailed and clear picture of the anatomy, or due to the fact that older studies have looked at typical hangman's fractures only.
13,14
There was no standard protocol for vertebral artery imaging for this cohort of patients in our institution. The incidence of vertebral artery injury (VAI) associated with blunt cervical spine injury ranges from 10.5 to 88%. 19 In a recent meta-analyses, a statistically significant association between blunt cerebrovascular injury (BCVI) and two screening criteria, cervical spine injury and thoracic injury, was established. Patients with cervical spine injury had a fivefold greater likelihood of BCVI compared with those patients without cervical spine injury.
20
A predominance of certain fracture patterns in the cervical spine in patients with VAIs has been reported. These include transverse foramen fractures (8 to 37%) and C1 to C3 body fractures (31 to 36%). 21, 22 In one study specifically correlating C2 fractures to VAI, 17.8% of patients with C2 fractures were found to have VAI. There was a correlation of VAI with specific fracture patterns, including traumatic spondylolisthesis of axis and a greater degree of angulation, in addition to C2 fractures with comminuted fractures involving the foramen transversarium.
19
Conventional catheter cerebral angiography is the gold standard for screening but carries risk for iatrogenic injury, stroke, and death. Complication rates with catheter angiography have been reported up to 4%. 22 Sixteen-slice computed tomography angiography (CTA) is now an established alternative; it is noninvasive and it has become a routine screening tool for BCVI. A major advantage of utilizing screening CTA in the emergency setting (relative to digital subtraction angiogram) is the reduced time to diagnosis with BCVI, which has been reported to be up to 12-fold, with a consequent reduction in stroke rate by up to fourfold.
23
Several studies and guidelines indicate that a 16-slice CTA is an acceptable modality based on the data from several reports. 20, 22, 24, 25 Historically, however, 16-slice magnetic resonance angiography and CTA scanners have poor sensitivity compared with conventional angiography.
22
Heparin has been associated with better overall neurologic outcome in patients with VAI. 26, 27 Specifically for symptomatic cases, antithrombotic therapy for most asymptomatic VAIs is still controversial, and there is a lack of class I evidence to support any strong guidelines for treatment.
Overall, the literature points to a higher incidence of VAI in cervical spine trauma, specifically with fractures involving the transverse foramen and high cervical fractures. In 41 (n ¼ 16)
Moon et al (2002) 42 (n ¼ 42) fracture depends on the disk or ligamentous damage, which can be evaluated by anterior movement and angulation of the dens. Angulation of greater than 20 degrees signifies damage to the posterior ligaments and C2-C3 disk space.
36
Nonoperative management of hangman's fractures involves external immobilization with variations of cervical collar and halo ring orthosis.
3,37
Immobilization with cervical collars or cervicothoracic orthosis has been used to successfully treat fractures with up to 6-mm displacement. They provide a more comfortable form of treatment and do not put the patient at risk of the complications associated with a halo. Collar management is indicated in type 1 and some stable type 2 fractures.
35,38,39
Halo orthosis provides the most rigid form of nonsurgical immobilization and is the most commonly used form of nonoperative therapy. Halos are used in fractures where the level of instability warrants the increased discomfort and risk of complications but also allows mechanical traction to be externally applied for reduction. 40 Complications of halo management are reported to occur in 12 to 36% of cases and can include pin site infection, subdural abscesses, increased risk of falls, and respiratory problems. 
35,41
In our study, the union rates in low-grade hangman's fractures treated with halos and those treated with collars were comparable. As such and given the higher complications associated with halo immobilization, collars may be a more favorable management option especially when a halo is not tolerated.
In this study, nonoperative management was successful in all but 3 (7%) patients treated with a halo, which was due to nonunion of another cervical fracture in 2 and progression of C2-C3 subluxation in the third patient. This result is comparable to other studies that have emphasized nonoperative management. 3, 5 Nonoperative management fails in around 5% of total cases but may fail in up to 50% of type 2a and type 3 fractures. 3, 4, 14, 35 Therefore, close follow-up is required with frequent radiologic assessment. Surgical management of hangman's fractures has historically been reserved for Effendi type 3 fractures, patients with nonunion after 3 months in a halo, and some patients with second fractures of the cervical spine. 3, 4, [12] [13] [14] 38 The consensus appears to be early surgical intervention for patients with significant displacement and angulation at C2-C3. 6, 36, 42, 43 Surgical intervention is unnecessary in the majority of Effendi type 1 and type 2 fractures, unless nonoperative management fails. Type 2a and 3 fractures might be candidates for primary surgical stabilization and fusion. 34 If surgery is deemed necessary, the posterior approach allows direct access to the C2-C3 facet joints for reduction (necessary in type 3 fractures) and correction of local kyphosis, but requires considerable muscle dissection followed by C1-C3 or C2-C3 instrumented fusion. Coronally oriented vertical fractures of the C2 body were described as type 1 C2 body fractures by Benzel. 16 The unilateral oblique body fractures with contralateral pars or lamina fracture we described have not been included in any classification system. There are no separate grading systems for atypical hangman's fractures although both Starr and Eismont and Samaha et al commented that typical traumatic spondylolisthesis classifications (Levine and Roy-Camille, respectively) can be applied. 6, 13, 15 Symmetry of the fracture may not affect outcomes and therefore it has been suggested that treatment strategies should be the same. 6, 13, 15 Nonoperative treatment has also been advocated for most cases of vertical C2 body fractures.
51
Others have suggested that atypical fractures may have greater instability and that obtaining closed reduction is difficult due to interposition of soft tissue between the atypical fragments.
8
In our series, 1 of 28 (3%) atypical hangman's fractures required surgical fixation. Therefore, conducting a primarily nonoperative approach to management similar to typical hangman's fracture seems appropriate. Extrapolating meaningful clinical guidelines for a small subset of patients remains difficult, however. We believe a unified nomenclature system will be useful to identify which fracture patterns in the atypical group are more likely to fail nonoperative management.
We concede the weaknesses associated with a singlecenter retrospective study. The treatment modality of collar or halo fixation for low-grade fractures may have been influenced by individual surgeon choice, which may well represent the pragmatic state with managing these fractures. We also acknowledge the low number of patients in the different treatment arms and therefore note that firm conclusions cannot be made based on this study alone.
Conclusions
We classify the different fracture patterns of atypical hangman's fractures and propose applying the same grading systems as for typical hangman's fractures. A unified nomenclature system for fracture subtypes will aid in developing evidence-based management strategies. Nonoperative management of these fractures is effective in most cases of lowgrade fracture with surgical management being reserved for higher-grade variants and those that show nonunion or a progression after nonoperative management. Cervical hard collars may be an appropriate management alternative for low-grade hangman's fractures with a lower complication rate than halo immobilization. Neurologic deficit is rare in all types of hangman's fracture.
